Introduction
Many borides are known to exhibit exceptional physical properties, 1, 2 but their uses are limited due to the complexity of their syntheses and handling. Often they are high-melting and of refractory character; and phases that are thermodynamically stable are obtained at high temperatures. Synthetic routes towards metastable phases are rare but recently have gained a lot of interest, leading to new and unexpected varieties of known and novel compounds.
Examples are borides obtained as nanoscale particles at moderate temperatures from solvents [3] [4] [5] [6] [7] or from salt melts, 8, 9 new compounds like Co 5 B 16 from high-pressure-high temperature routes, 10 and novel mechanochemically-synthesized phases like hexagonal OsB 2 , [11] [12] [13] a metastable ReB 2 -type variant of ultra-incompressible, hard orthorhombic OsB 2 .
14 ReB 2 has been reported to be superhard. 15 The Ni-B system comprises several compounds whose crystal structures have been described in literature: Ni 23 B 6 , Ni 3 B, Ni 2 B, Ni 4 B 3 (two modifications), NiB, and Ni-doped -boron. [16] [17] [18] [19] [20] [21] They were characterized as soft ferromagnets (metal-rich nickel borides) or paramagnets (boron-rich nickel borides). 22, 23 In some cases it is not clear whether the observed ferromagnetism is actually caused by the nickel boride under investigation, or elemental nickel that may be present as a side phase.
The title compound, Ni 7 B 3 , is among the metal-rich members of the series and its formation was mentioned in literature, but the phase was not obtained as bulk material or crystallographically characterized before. Wodnieka et al. observed a side product with this composition when crystallizing amorphous Ni-B alloys, 24 similar to what was seen when thin films of Ni 3 B were made by chemical vapor deposition, 25 or during the crystallization of Ni-B metallic glasses. 26 Machizaud et al. investigated an amorphous alloy, Ni 66 B 34 , and postulated Ni 7 B 3 to decompose above 500 °C to form Ni 3 B and Ni 2 B.
27
Lattice parameters are known from electron diffraction. 25 We will now describe a new bulk synthesis of single-phase Ni 7 B 3 that we found to crystallize with a structure that can be classified as an unknown disordered variant of the Th 7 Fe 3 -structure type. The structure was solved from powder diffraction data. Ni 7 B 3 is the first binary boride of a 3d metal that crystallizes with a structure related to Th 7 [28] [29] [30] or ternary compounds like for example M x Rh 7-x B 3 (M = Cr, Mn, Ni; x = 0.39-1). Computational methods. Density functional theory (DFT) 34 calculations were carried out selfconsistently using the projected augmented plane wave method (PAW) 35 and a plane wave basis set as implemented in the Vienna ab-initio Simulation Package (VASP). 36 The generalized gradient approximation (GGA) in the form proposed by Perdew-Burke- ).
31

Materials and methods
Low
Thermal analysis. Difference scanning calorimetry was performed heating the samples (34.921 mg) in argon with 10K/min from room temperature to 800 °C (corundum crucible, Netzsch STA 449F3).
Results and discussion
Synthesis and crystal structure. Modifying a precipitation route that has been previously employed to synthesize amorphous nickel-boron catalysts 41 and nanoparticles of Ni 3 B 3, 42
we were able to prepare a black, nanostructured (according to scanning electron microscopy, see Supporting Information Fig. S1 ) and X-ray amorphous precipitate. According to energydispersive X-ray spectroscopy its ratio of nickel to boron is 7:3. From those precipitates, microcrystalline powders of Ni 7 B 3 were obtained reproducibly upon annealing, with no side phase detected by X-ray diffraction. The powder pattern was indexed in the hexagonal crystal system with a = 697.51 pm and c = 439.63 pm, comparable to earlier observations. 25 The extinction conditions do not contradict the most probable space group P6 3 mc (no. 186), which is that of Th 7 Fe 3 . Initially, a Rietveld refinement of the structure based on synchrotron data was attempted based on the ideal Th 7 Fe 3 -structure type (one two-fold and two six-fold metal atom sites and one sixfold boron site), but the fit resulted in significant differences of the intensities of observed and calculated reflections, especially for the (201) reflection (2 at ca.
°)
. Careful examination of the difference electron density maps ( Fig. 1) showed excess electron density close to the position of one of the nickel atoms, Ni3. Occupying this additional site, Ni4, causes a disordered structure and a better fit of the experimental diffraction data (Fig. 2) . One additional atomic site suitable for boron atoms results. the two boron atom sites were refined freely as well. Table 1 and table 2 summarize the information on data collection, structure refinement, and crystal structure. It should be noted that the displacement parameters of the Ni atoms are better when X-ray powder diffraction data collected with CuK 1 radiation is used (see Supporting Information, Table S2 , Figure S2 ). Magnetic properties, observed and calculated. As shown in figure 6 , metal-rich Ni 7 B 3 was found to be paramagnetic. A small ferromagnetic impurity was detected that is invisible in Xray diffraction. This was seen in the slight hysteresis at room temperature. It was attributed to elemental nickel. By comparing the measured saturation magnetization with that expected for nickel metal (≈ 0.6 μB/Ni), the estimated nickel impurity is less than 0.5 wt%. High-temperature stability. Differential scanning calorimetry was run up to 800 °C and displayed an exothermic effect at 424 °C (Fig. 8) . Afterwards, the XRD pattern of the sample 
Conclusions
The Ni-B system was found to contain a metastable, metal-rich phase, Ni 7 Fig. 9 ; refinement results for X-ray data collected with CuK 1 radiation.
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For Fig S3. ht-X-ray diffraction patterns (different type of presentation of the same data as shown in Fig. 9) 20
